Early Changes in Cytochrome P450s and Their Associated Arachidonic Acid Metabolites Play a Crucial Role in the Initiation of Cardiac Hypertrophy Induced by Isoproterenol.
Cytochrome P450 enzymes (P450s), along with their cardioprotective metabolites the epoxyeicosatrienoic acids (EETs) and cardiotoxic metabolite 20-hydroxyeicosatetraeonic acid (20-HETE), were found to be altered in cardiac hypertrophy; however, it is unclear whether these changes are causal or epiphenomenon. Therefore, we hypothesized that P450s and their metabolites play a crucial role in the initiation of cardiac hypertrophy. To test our hypothesis, rats and RL-14 cells were treated with the hypertrophic agonist isoproterenol for different time periods. Thereafter, in vivo heart function and wall thickness were assessed using echocardiography. Moreover, the role of P450 epoxygenases, ω-hydroxylases, and soluble epoxide hydrolase (sEH) were determined at mRNA, protein, and activity levels using real-time polymerase chain reaction, Western blot, and liquid chromatography-mass spectrometry, respectively. Our results show that in vivo and in vitro hypertrophy was initiated after 72 hours and 6 hours of isoproterenol treatment, respectively. Studies performed at the prehypertrophy phase showed a significant decrease in P450 epoxygenases along with a significant induction of sEH activity. Consequently, lower EET and higher dihydroxyeicosatrienoic acid levels were observed during this phase. However, significant increases in P450 ω-hydroxylase along with its associated metabolite, 20-HETE, were detected only in vivo. Interestingly, increasing EET levels by P450 epoxygenase induction, sEH inhibition, or exogenous administration of EET prevented the initiation of cardiac hypertrophy through a nuclear factor-κB-mediated mechanism. Taken together, these findings reveal a crucial role of P450 epoxygenases and EETs in the development of cardiac hypertrophy, which could uncover novel targets for prevention of heart failure at early stages.